The purpose of this study is nutrient resources recovery by achieving the optimal chemical 12 oxygen demand (COD) and carbon to nitrogen ratio (C/N) in co-composting wastewater treatment plant 13 sludge with Municipal Solid Wastes (MSW). In this effort, the co-composting has been conducted in form 14 of a case study in the northern region of Iran. In this research, 192 tests were carried out on four series of 15 samples examined in terms of waste to sludge ratio, different aeration period, the percent of porous 16 materials and the moisture content. This study was carried out at a temperature of 50 °C for a 15 day period 17 by application of the in-vessel system and shows that the best ratio for waste to sludge is 2:1, while the 8 18 hour period is the best aeration period. The porous material which can be added to the composting process 19 is limited to 15% in weight. In other words, any more or less amount of this material will adversely impact 20 the process. Moreover, this research suggests that the sludge dewatering is not required in such processes.
Introduction

26
The rapid growth of industrial and technological advancements, coupled with rapid population 27 growth have led to two major challenges in relation to generated urban solid waste and wastewater.
28
Although various methods have been proposed for disposal of these materials, each of the available 29 methods has certain disadvantages and demand development of more advanced methods to tackle the 30 problems. Urban wastewater treatment has long been performed in a variety of ways, with almost all facing 31 the challenge of filtration the resulting sludge. This sludge, while highly polluted, has abundant of water,
32
which causes major problems in its management, and it is very difficult for any conventional solution to 33 deal with it, such as dewatering, landfilling, spreading, etc. Meanwhile, co-composting is known as a 34 potential solution to this problem [1] . On the other hand, chemical oxygen demand (COD) and Carbon to
35
Nitrogen ratio (C/N) are two important parameters in composting as they affect other parameters such as 36 microorganism's activities. By determining the optimum ratio of municipal solid waste (MSW) and wastewater sludge, this paper aims to present a sustainable co-compost solution. Therefore, the reduction 38 of COD or C/N to an optimal level usually leads to other optimal parameters. In addition, they are chosen 39 as maturity indicators. In this study using simultaneous optimization of COD and C/N for wastewater 40 sludge and municipal waste co-composting, the optimal amounts of four co-composting design parameters 41 including aeration period, the percent of porous material, the moisture content and waste to sludge ratio 42 are determined.
43
Research background
44
Composting has become precious in the stabilization of MSW due to its environmental adaptability. [3] . Also, the critical factors such as temperature, pH, C/N, moisture content, the 52 particle size that have been considered relevant in the monitoring of the composting were clarified.
53
Appropriate procedures to enhance and optimize process effectiveness were also addressed. Still, during 54 composting, some difficulties such as leachate generation, gas emission and lack of consistency in assessing 55 maturity indices were imminent. In their study, these challenges were, and some strategies for improving 56 them were presented. Ultimately, they highlighted some novel technologies that could improve 
71
carried out four test series on co-compost of wastewater sludge and rice husk, and they showed that much 72 of the semi-volatile organic compounds excluded from the compost after 56 days [7] . Using anaerobic pilot 
95
The goal was to investigate the proper yard trimmings/food waste mixing ratio. temperature is controlled by a digital heating system initially. As the temperature increases, the sensors 111 will act and attempt to cut off the flow of electricity to the elements. However, it takes a long time to drop 112 the temperature due to very good insulation system. Depending on the desired accuracy, the amount of 113 heat loss can be defined from zero to ten Celsius degrees. The pilot is also equipped with a central switch,
114
fuse, and function indicator. Furthermore, two external fans were installed in this reactor as air blowers 115 and a heat-gas exhaust which enabled the operator for a range of aeration types, so that the fan can be 116 turned on and a thermal sensor or its functional interval can be set using a digital timer for both. In the 117 absence of any specific program, manual control of these fans is possible. In this study, an origin separation 
127
In this study, four series of tests were designed and conducted as follows: 
134
In this series, the temperature was kept at 50°C for two weeks. All samples were aerated once every 8 135 hours for twenty minutes, by mixing the content of the tank. Moreover, C/N ratio for all samples was kept 136 constant at 25, by changing the mixing ratio and the number of wood chips. Regarding the similar specific 137 gravity of the existing sludge to the applied waste chip, both volumes and weight ratios can be used.
138
However, the criterion is calculated based on weight ratios. This fact will facilitate and expedite the 139 operations at industrial scale, due to the possibility of applying large scales. In this series of tests, a high 140 level of dewatering of the sludge was prevented in order to provide a suitable condition for a rapid 141 composting process. Table 1 shows waste to sludge ratio in tanks. 
142
150
In this series, the optimum mixture portions (blending ratio) had been considered for all four tanks 151 while they were aerated for two weeks based on Table 2 . 
152
160
In this series, different amount of additives were added to the samples in order to determine the 161 optimum amount for the best level of porosity. The evaluated ratios are shown in Table 3 . 
162
191
imbalance between organic carbon and nitrogen. Furthermore, the process was not stopped inside the tank 192 2 in any period that is the evidence of system stability. Therefore, it can be concluded that the optimum
193
waste to sludge ratio is 2:1. This ratio dictates an initial COD of 265 for the second series of tests. Examining
194
the C/N changes also shows the same behaviour in the tanks (Figures 3 and 8) . In the second test series for
195
continuous aeration, the door of tank 1 was opened and air blew continually. Also, due to the impossibility
196
of continuous humidity control in continuous aeration, the primary moisture was set as the criterion.
197
Finally, the results of COD and C/N were obtained as illustrated in Figure 4 . In this series of tests, it was 198 also observed that 40% of both COD and C/N reduction occurred in tank 2 (Figures 7 and 8 ). This indicates
199
that an 8-hour increase in aeration intervals resulted in a 20% reduction in system efficiency, which is due 
215
although the best C/N ratio is achieved at 15% porosity, this amount is exactly the same as in the absence 216 of such additives. The reason for this is that porosity of up to 15% does not alter significantly in oxygen 217 uptake of microorganisms, but higher than 15% it can reduce the efficiency of the system by decreasing the 218 local moisture content. In addition, it was also observed that the reductions of COD and C/N are 45% and 219 40%, respectively. As can be seen, tank 4, which has un-dewatered sludge, has the best composting process 220 with a 40% reduction in C/N ratio. Dewatering up to 60% has reduced its efficiency by up to 30%. In the 
226
COD loss, as well as C/N changes, occur in tank 4 (Figures 7 and 8 ). After about 6 days, the COD reduction 227 rate in this tank increased by 65%. This reduction rate is the same for moisture contents of 30% and 40%
228
and equals 10% over six days. Therefore, it can be concluded that the microorganisms involved in the co- 
238
 At the temperature of 50 °C and a constant carbon to nitrogen ratio, if an 8-hour aeration period is 239 applied, the maximum loss of COD occurs in the MSW to sludge ratio of 2. In this situation, the 240 maximum loss of both COD and C/N are equal to 40%.
241
 An 8-hour increase in aeration intervals causes a 20% system efficiency decrease
242
 At the temperature of 50 degrees C, the optimum amount of porosity producing additives is 15% of the 243 mixture volume.
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